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Physiological Responses of Gall Tissues on Ivy 
Tree Leaves Induced by Thrip 


YANG Ming-Zhi, ZHANG Han-Bo™ , LI Chen-Cheng, MA Shuang-Min 


(Plant Science Institute of Life Science School, Yunnan University, Kunming 650091, China) 


Abstract; In this research, tuber-like galls which induced by thrip on ivy tree leaves were chosen as materials, 
and the physiological responses as well as partitioning of mineral nutrition, soluble protein and saccharide 
contents in galled and un-galled tissues were assayed. Results indicated that compared to the un-galled tis- 
sues, galling tissues decreased in many physiological indexes including hydrogen peroxide concentration, Per- 
oxidase and phenylnine amonialase activities and the contents of malondialdehyde. Galling tissues decreased in 
photosynthetic rate but increased in respiratory rate. Galling tissues acted as a nutritive sink that accumulate 
more nutrition than surrounding un-galled tissues. Phytohormones and insects extracts alone can not induce 
the formation of galls, but cytokinins such as kinetin, 6-BA and Zeatin can induce responses which are similar 
to the earlier response of thrip feeding. 
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Introduction 

Galls are the special structures induced by gall- 
ing makers and could be formed in plant leaves, 
stems and roots. Galling makers include bacterial, 
fungi, mites, nematodes and insects. Bacteria-in- 
duced galls such as crown galls and root nodules are 


paid much attention and the formation mechanisms 
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have been demonstrated ( Stoyanova and Ham- 
burge, 2003; Geurts and Bisseling, 2002; Lim- 
pens et al., 2003). 


common phenomenon and many species of in- 


Insect galls are the most 
sects have proved to be galling makers. Differ- 


ent species of galling insects induce the produc- 


tion of different types and morphological galls 
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(Rohfritsch, 1992; Stone et al., 2003; Dorchin 
et al., 2002). As plant pests, biology and ge- 
netics of galling insects were reported (Abraha- 
mson et al., 2003; Crespi et al., 1998; Fenton 
et al., 2000; Bjorkman, 2000; Fay et al., 1996), 
and galls are proved to affect the reallocation of 
nutrients and galls become vegetative sink in 
plants ( Bagatto et al., 1996; Rehill et al., 
2003; Florentine et al., 2005; Koyama et al., 
2002). However, little is to know about the for- 
mation mechanism, the galling induction sub- 
stances, and the responses of plant to galling 
process. Leafy galls on the garden plant ivy tree 
were frequently seen along street in Kunming, 
China. 
higher efficiently induce the production of galls, 


Galling thrips can easily, stably and 


by means of feeding. The tuber-like galls can be 
seen rapidly grow within few days. To study the 
induction mechanism of gall formation, experi- 
ments of gall induction, physiological responses 
and nutrition allocation in galled and un-galled 


tissues were assayed in this paper. 


1 Materials and methods 
1.1 Materials 

Ivy tree ( Schefflera heptaphylla Harms) and galling 
thrip ( Phlaeothripidae spp) were chosen as galling for- 
mation study model in this research for many advantages. 
1) Ivy tree is a common garden plants and can rapidly 
propagate by vegetable methods; 2) Tuber-like galls in- 
duced by thrips on leaves belong to the open type of gall; 
3) the activity of the gall and gall maker are easily ob- 


served; 4) Gall formation is stable and efficient. Both ivy 





tree plants and gall-made insect (thrips) were collected 
from gardens and streets in Kunming, China, Plant mate- 
rials listed below were collected during July 21— 25" in 
2007 and used in the experiments: normal young leaves; 
normal mature leaves, normal old leaves, young galled 
leaf galled tissues, young galled leaf un-galled tissues, 
mature galled leaf galled tissues, mature galled leaf un- 
galled tissues, old galled leaf galled tissues and old galled 
leaf un-galled tissues. Each sample collected from differ- 
ent site had 8—12 repeats. 

1.2 Methods 


1.2.1 Gall induction experiments Thrips and active 


open tuber-like galls are frequently seen on wild ivy tree 





leaves from spring to autumn. For study the behavior of 
thrip on ivy tree and the morphogenesis of galls, every 20 
gall and insect-free ivy trees (purchased from flower mar- 
ket) were planted and cultured in two different manual at- 
mosphere room, respectively, by branches cutting meth- 
od at 25°C with 12 h/12 h light/dark cycles. Ripe thrip 
insects in ivy tree leaf galls were collected from campus of 
Yunnan University. In one manual atmosphere room, ev- 
ery thrip was put into one ivy tree on one young leaflet. 
Main stems of every ivy tree were cycling painted with 
vaseline to prevent insects from escaping. The activities of 
the thrip in the ivy tree were carefully observed and recor- 
ded. After 1, 2, 3, 4, 5 days, thrips in every three ivy 
tree were take out, respectively, and the left ivy trees 
were let continuously co-culture with thrips. Galling re- 
sponses were observed and recorded every day. 

1.2.2 Gall induction experiments by Phytohormone and 
insect extract For analysis of the roles of phytohormones 
in gall induction, auxins (3 mg *L', 10 mg +L" of 
IAA), cytokines (3 mg *L', 10 mg*L' of KT, 6-BA, 
or zetin), GA (10 mg +L! GA;) and their mixtures were 
used to treat young leaves of ivy trees by micro-injury in- 
jection. Insect extracts (extracted from 50 thrips by phos- 
phate buffer) were also used in this experiment. Respon- 
ses were observed and recorded every day. 

1.2.3 Physiological responses assay to plant tissues 

(1) Peroxidase (POX) activity assay. POX activity was 
assayed by using a spectrophotometric procedure. 20 pl of ex- 
tract were added to 1980 pl of 88.2 mmol + L' H, O; and 
4.6 mmol + L” guaiacol in 0. 1 mol *L! KSuc, pH 5.5, and 
vortexed for 5 sec. The increase in absorbance due to the 
formation of tetraguaiacol was monitored from 0. 5 min to 
3.5 min at 470 nm. , and one unit (U) of POX activity 
was defined as 0. 1 change of absorbance per minute. 

(2) Hydrogen peroxide content assay. The concen- 
tration of hydrogen peroxide (H; Oz) was determined as 
described by Mukherjee and Choudhuri (Mukherjee et al., 
1983). Briefly, fresh leaves (0. 3 g) were homogenized in 
3 ml of refrigerated 10% acetone, the mixture was centri- 
fuged at 10000 X g for 10 min, and 1 ml supernatant was 
mixed with 0.1 ml 5% Ti (SO; )». and 0.2 ml 35% am- 
monia. After the precipitate was formed, the reaction 
mixture was centrifuged at 10000 X g for 10 min. The re- 
sulting pellet was washed with acetone three times and 
then dissolved in 2 mol + L H,SO,, and the absorbance 
was recorded at 415 nm. The H, O; level was calculated 


according to a standard curve of H,O,;. The concentration 
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of H:O; was expressed as mmol * g! FW. 

(3) Phenylalnine ammonialyase (PAL) detection. 
The PAL assay was conducted by following the procedure 
of Koukol and Conn (1961). About 1 g of leaf tissues was 
removed at random, and homogenized in 10 ml of cold so- 
lution of 0.05 mol * L' sodium borate buffer, pH 8.5. 
The homogenate was filtered through cheese cloth and 
centrifuged at 14500 X g for 30 min. The crude extract 
was assayed immediately after homogenization. The PAL 
activity was expressed as the amount (ug per gram tissue 
dry weight) of cinnamic acid formed. The reaction mix- 
ture consisted of 40 mmol of L-phenylalanine, 200 mmol 
of sodium borate buffer (pH 8.8) and the enzyme solu- 
tion in a total volume of 5 ml. About 0.1 ml of 6 mol + 
L’ HCI was used to stop the reaction. The acidified mix- 
ture was extracted with ethyl ether and the residue dis- 
solved in 0.05 mol * L! sodium hydroxide and absorbance 
was measured at 268 nm. 

(4) malondialdehyde (MDA) content detection: Ox- 
idative damage to lipids was expressed as equivalents of 
malondialdehyde (MDA). MDA content was determined 
as described by Duan et al. (2005). Fresh leaves or tis- 
sues (about 0.5 g) were homogenized in 10 ml of 10% 
trichloroacetic acid (TCA), and centrifuged at 12000 X g 
for 10 min. Then, 2 ml 0.6% thiobarbituric acid (TBA) 
in 10% TCA was added to an aliquot of 2 ml of the super- 
natant. The mixture was heated in boiling water for 30 
min, and then quickly cooled in an ice bath. After centrif- 
ugation at 1000 X g for 10 min, the absorbance of the su- 
pernatant at 450, 532 and 600 nm was determined with a 
spectrometer (Libra S22, England). The MDA concen- 
tration was estimated using the formula C (mol * L”) = 
6. 45 (A532-A600) -0.56A450. The MDA concentration 
was expressed as pmol +g! FW. 

(5) Photosynthetic and respiratory rate measurement: 


2 


O: releasing rate in 500 pmol * m” red light and decreasing 
rate in dark conditions were measured by a oxygen electrode 
equipment (Oxy-Lab, Hansatech, Egland) to galled and 
un-galled leaf tissues according to the manuals protocol. 
Photosynthesis rate was expressed by O; increasing rated 


in unit of time and unit of leaf area („mol * min'+ m°). 


And respiratory rate was expressed by O; uptake amount 





in unit of time and unit mass of tissues. 
1.2.4 Detecting nutrient content. 

(1) Mineral nutrients analysis: For detection of the 
mineral elements of evy tree, tissues as described in mate- 
rials (2. 1) were collected and detected by a equipment of 
ICP (ICP-AES, ICPS-1000H, Japan). Mineral elements 


contents were expressed as pg/g or mg/g according to the 
values. 

(2) Solvable sugar detection: Soluble sugar was 
measured as described by Lehner et al. (2006). The con- 
centration of soluble sugar was expressed as mg *g' DW. 

(3) Solvable protein content analysis: soluble protein 
was measured in each sample as described by Bradford 
(1976) and the concentration was expressed as mg ° g' 
FW. 

(4) C, H, N elements detection: The contents of C, 
H, and N in drying materials were detected by an organic 
elements analyzer (Elementar, zario EL HI, Germany) 


according to the manuals protocol. 


2 Results 
2.1 Gall induction and formation 

On ivy tree leaf, tuber-like galls were stably 
induced by thrips, and thrips and its larvae can 
be found within an active gall (Fig.1: A, B). 
Obvious responses were seen in 1 day after 
thrips’ “treatment”. The earlier response pro- 
duces lighten colored spots (about 6 mm diame- 
ter) around the induction sites (Fig. 1: C, D). 
Enations usually appeared on leaves’ opposite of 
the treated sites within two days. One thrip can 
induce many leafy galls within one day's. Galls 
can continuously grow and form into mature 
galls even when the insects were taken away af- 
ter few hours treatment (Fig. 1: E, F, G). 
2.2 Phytohormone treatment results 

Compared to the control, no obvious re- 
sponse was induced when IAA or GA was used 
alone (Fig. 2: f, g). However, symbols similar 
to the earlier response (lighten colored spots a- 
round the induction site) of thrip induction were 
found when cytokines such as Zeatin, 6-BA and 
KT were used (Fig. 2: b, c, d). Contrary to the 
obvious boundary lighten colored spots induced 
by insects, lighten colored spots induced by cy- 
tokines displayed a vague boundary. No gall was 
induced or seen any growth of leaf tissues when 
treated by different type of phytohormones, dif- 
ferent hormone composition as well as insects 


extracts (Fig. 2). 








Fig. 1 Thrip induced tuber-like open galls on ivy tree leaves 


A. Thrip induced tuber-like open galls; B. Thrips and its larvae can find in a naturally produced active galls; 
C, D. lighten colored spots around the induction sites was the earlier response of gall induction; E. obviously 


enations appeared within two days after thrips’ treatment; F, G. one day staying of one thrip can induce 


more than 15 galls in one complex leaf; G. galls can grow maturely without the continuously induction 






d. Katinis 


e. Insects extrats f.GA g. IAA 


Fig. 2. Phytohormones and thrip extracts induction results 
a: The earlier response of life thrip induction; b, c, d: Responses of 6-BA , zeatin and katininis treatment, respectively; 


e. f, g. Results of thrip extracts, GA and IAA treatment, respectively 


2.3 Nutrients allocation in galled and ungelled tissues table 1. Galled tissues contained higher nutri- 
Solvable protein, soluable sugar, organic ents content than that of the un-galled tissues. 
elements and inorganic elements in galled and especially the content of solvable protein, solva- 


un-galled tissues were analyzed and illustrated in ble sugar, total N and the recycled mineral ele- 
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ments, such as phosphate, potassium, Zinc and 
Boron. Galled tissues displayed relatively low C/ 
N ratio compared to that of the un-galled tis- 
sues. 
2.4 Physiological metabolism of galling tissues 
Photosynthetic and respiratory rate of gal- 
led and un-galled tissues were detected by an ox- 
ygen electrode instrument. As expected normal 
mature leaf has more photosynthesis rate than 


The ac- 


tive galled tissues almost have not any photosyn- 


those of normal young and older leaves. 


thetic ability but the tissues around the galled 
tissues on the same leaf showed higher photo- 
synthetic rate than the corresponding age’s nor- 
mal leaf. Respiratory rates decreased along with 


the leaf Therefore, 


higher intensity of respiratory rates than its sur- 


age. galled tissues have 
rounding tissues and the active gall tissues have 
similar intensity of respiratory rates as the nor- 
mal young leaves (Fig. 3). 
2.5 Stress physiologically response of galling tissues 
Normal young and old leaf tissues contain 
more hydrogen peroxide than that of the mature 
leaf, as expected. However, galled tissues con- 


tain relatively low concentration of hydrogen 


0.6 
0.5 
0.4 
0.3 
0.2 


Oxygen inreasing rate 
(umol. min!) 





Tissues 


Fig.3 Photosynthetic and respiratory rates 
of galled and un-galled tissues 
PR: 


photosynthesis rate; RR; respiratory rate. A-I; different 


tissue samples as indicated in the notes of table 1 


Per- 


oxidase activity increases from young to old 


peroxide than un-galled tissues (Fig. 4: a). 
leaves. However, on all kinds of leaves galled 
tissues always display lower peroxidase activities 
than un-galled tissues (Fig. 4: b). Activities of 
phenylnine amonialase and the contents of ma- 
londialdehyde decreased along with the physio- 
logical age in normal leaves. The same tendency 
was also found in galled and un-galled tissues as 
peroxidase activity and hydrogen peroxide con- 


tent (Fig. 4: b, d). 




















































































































Table 1 Content of solvable protein, saccharide, organic and inorganic elements in galled and un-galled tissues 

Tissues * A B C D E F G H I 

Soluable protein 7 7 E i B _ i 

(agla 4.5240.7 31605 30203 58705 5.1440.5 3790.4 25740.3 4.7240.4 4.45-20.5 

Soluable sugar _ z z PEE Š z 

(mg/g) 11.76+9.4 1019+15 9446485 6880467 47.42+7.5 0874+6.4 93777.3  74.575.9 52, 89+Ł5.7 

Total N (%) 3,850.3 3.14+0.3 2.80+40.3 3.8740.3 3.6740.7 2.930.2 750.3 2.6120.2 2.63220.3 

Total C (%) 46. 37-5. 5 48, 24-4, 3 50.5145.7 46. 325.1 46. 005.0 48. 034.7 46. 4+4. 3 45.1944.4 44, 43-74. 2 

C/N ratio 12.03+0.9 15.3614 1805415 1197411 2.5440.9 164113 6.85412 17.3011 1691-+1.6 

Ca (mg/g dw) 5. 462£0, 4 9, 950.7 127040.3 2.87+0.1 4, 9140. 3 3. 590. 4 10. 200.7 4,490.3 9. 64-0. 2 

P (mg/g) 1.5140.1 0.5840.1 0.6540.1 1.54240.1 -08+0.1 1.1740.1 0.7040.1 0,910.1 0.65+0.1 

K (ug/g) 7.010.5 T2809 777240.6 9.0340.8 4.3320.7 0.60+0.6 9,900.5 9,780.8 8.53220.7 

Fe (ug/g) 36. 4841.5 52,472.3 50,17262.6 72, 132.7 65. 084. 5 89. 13224. 9 105. O8. 3 11. 008.2 69. 703. 9 

S (ug/g) 387+19 372425 625422 318431 343421 268+18 278413 230421 197+20 

Mg (mg/g) 2.2540.1 3,750.1 1.6740.1 2.390.1 .7340.1  1.6640.3 2.530.2 1.6640. 2 . 6340. 1 

Mn (ug/g) 7546. 3 146419 5447 8847 9746 7845 168+9 50+4 3446 

B (ug/g) 3442 2743 583 2442 2243 2142 1641 52 151 

Zn (mg/g) 9. 730.5 23.22£0.7 1224+22 11.0041 T21 E05 13. 880.8 6. 44+0.7 1467£0.3 T1. 530.7 
“x ” Tissue samples notes: A: normal young leaf; B: normal mature leaf; C: normal old leaf; D: young galled leaf galled tissues; E: 
young galled leaf un-galled tissues; F: mature galled leaf galled tissues; G: mature galled leaf un-galled tissues; H: old galled leaf galled 


tissues; I: old galled leaf un-galled tissues 
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Fig. 4 Physiological responses of galled and un-galled tissues of ivy tree leaves 


A-I: different tissue samples as indicated in the notes of table 1 


3 Discussion 

Traditionally many gall making insects have 
been studied as plant pest, (Rohfritsch, 1992; 
Abrol et al., 2006; Protasov et al., 2007; Lvarez 
et al., 2009), and research works mainly have 
focused on gall morphological (Stone and Schon- 
rogge, 2003; Arduin et al., 2005), damage of 
gall to plant (Abrol et al., 2006 ) and so on. 
The morphological of galls are considered to be 
determined by the genetic characters of galling 
makers ( Brantner 2000; 
Schonrogge, 2003; Arduin et al., 2005). How- 


ever, gall formation mechanisms still remain un- 


et al., Stone and 


clear. Galls may be induced by insects or micro- 
organisms. Nodules and crown galls are the fre- 
quently seen microbe-induced galls. Nodules are 
induced by nitrogen-fixing Rhizobium and the 
nodule induction factor is identified and proved 
to be one of the plant endogenous substances 
(Geurts and Biseeling, 2002; Limpens et al., 
2003). Studies on the crown gall lead to the 
findings of plant cytokines and the broadly appli- 
cation of transgenic tool (T-DNA). It is well 
known that, abnormal growth of plant such as 


phototropism, crown gall and Banakae Disease, 


lead to the findings and deeply understanding of 
plant endogenous regulators of IAA, cytokine 
and GA, respectively. What may tell us that so 
many types of galls induced by insects? 
Conveniently propagation of ivy tree plant, 
widely seen of gall and galling thrip, rapidly 
galling respond, higher efficiency of induction 
and easily observation make open tuber-like leafy 
gall induced by thrip a good model in plant-in- 
sect interaction study. In this case, we focused 
on the plant responses during galling induction 
and formation. As described in other type of 
galls (Bagatto et al., 1996; Rehill and Schultz, 
2003; Florentine et al., 2005; Koyama et al., 
2002), galling tissues concentrated more nutri- 
ents such as solvable proteins, solvable saccha- 
ride, Nitrogen, phosphate, potassium than sur- 
rounding un-galled tissues (Table 1). Galling e- 
vents leaded to the reallocation of nutrients. But 
the average content of many nutrients within 
galled leaves was lower than that of the normal 
corresponding stage leaves. It implied that nu- 
trient reallocation was mostly restricted within 
the nearing tissues and organs. However, one 


question is how plant cells respond to the action 
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of galling insects. In normal conditions, when 
disease or pest threatens a plant, plant cells re- 
spond as be resistant or susceptible. No matter 
resistant or susceptible response, plant cells of- 
ten respond with increse of ROs (reactive oxi- 
dates) stress, anti-oxidase activities. MDA con- 
tent may increase for oxidative damage to lipids. 
In this research, content of hydrogen peroxide, 
MDA contents and the activities of PAL, POX 
were all seen obviously decreased or inhibited. 
All these indexes above were seen lower in gall- 
ing leaves than that of un-galled or normal leav- 
es. These results means that the galling plant 
has not see any evidences to injury or resistance. 

We hypothesized here that the substances 
which galling insects used in plant galling induc- 
tion may be a kind of plant cell endogenous com- 
ponents, and act in the far upstream of gall in- 
duction. The content and production of these 
substances are under strictly controlling in nor- 
mal un-galled plant cells. Exogenous introduc- 
tion of these kinds of substances leads to the 
changes both in plant cell metabolism and phyto- 
hormone equilibrium, and consequently, the gall 
is formed. With this hypothesis, all of the re- 
sults can be reasonably explained. Because the 
galling induction substances are endogenous 
compounds and plant treats these molecules as 
endogenous signals, no resistant response is de- 
tected. Direct evidences come from the mecha- 
nism of root nodule and crown gall formation. 
Rhizobium nod factor (a kind of low molecular 
polysaccharide) which produced by root nodule 
bacterial has been proved as one of the plant cell 
1999 ). 


Agrobacteria can directly transform plant cyto- 


endogenous signal (Engler et al., 
kines gene into plant cell and lead to the forma- 
tion of crown galls (Lynn et al., 1987). It is 
not a new story that pests, pathogens or other 
plant symbiotic organism own plant endogenous 
regulator as its benefit. On the other side, stud- 
ies on the interaction between plant and its ene- 
mies also dramatically broadened our knowledge 
to plant. For plant hormones, many of them 


may be involved during the formation of galls, 


especially the plant cell growth and division en- 
hancing hormones. It is indirect evidence that 
cytokines types of phytohormone such as 6-BA, 
KT and Zeatin can induce responses similar to 
the earlier induction by thrips. Earlier reports 
demonstrated that endogenous phytohormones 
were detected and found 17 times more auxin ac- 
tivity and as much as 21 times more gibberellin- 
like activity in galling tissues than normal tis- 
sues (Byers et al., 1976). Cytokines is also 
found to increase in ball galls (Mapes and Da- 
vies, 2001). So, phytohormones may act to 
downstream this signal pathway during gall in- 
duction. Root nod inducing factors as a signal 
that accepted by cellular receptors then mediate 
the nodule formation has been demonstrated 
(Geurts et al., 2002; Limpens et al., 2003). 
Genes within host plant have been proved affect- 
ing the interaction of gall midge and rice (Limaa 
et al., 2007). For nutrient reallocation, a nutri- 
ents hypothesis is provided to explain the forma- 
tion mechanism of galls (Koyama et al., 2004). 
But galls becoming a mobile vegetable sink may 
also be the response to the higher contents of 
phytohormones, because many of the plant 
growth enhancing hormones such as IAA, 
CTK, GA and so on are involved in the nutrients 
partitioning regulation. 

Multiple morphological galls are induced by 
different type of galling insects and different 
galling insects may produce different type of gall 
induction substance and creating different pat- 
terns of cellular equilibrium of plant regulators 
during the gall induction process. So, identifica- 
tion, functioning of these trace existing sub- 
stances may deeply and widely improve our un- 
derstanding of plant cell division and growth 


regulating mechanism. 
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